ABSTRACT -Mutagenicity of soils sampled at median strips, roadsides and a park neighboring arterial roads in Kurume City was determined by Ames test. Organic extracts of soils were mutagenic in strains TA98, TA100, YG1041 and YG1042 with and without S9mix. No sample showed mutagenic responses in strains YG3003 or YG7108. Extracts from soils of median strips and beside intersections showed higher mutagenicity and concentrations of PAHs and heavy metals than others, and mutagenic activity of soils correlated significantly with concentrations of PAHs and heavy metals. However, PAHs accounted for less than 12% of total mutagenicity in strains TA98 and TA100 of soil extracts. These extracts showed much higher mutagenicity in YG strains than in TA strains. The results indicate that these soils may be polluted with nitroarenes and aromatic amines.
INTRODUCTION
Exposure to motor vehicle emissions represents an important cause of concern for possible long-term effects on human health (Kitamori et al., 1982; Matsumoto et al., 1993; Matsumoto et al., 1991; Nakagawa et al., 1983; Tokiwa et al., 1980) . The majority of carcinogenic and mutagenic pollutants emitted into the air cause soil and water pollution in addition to air pollution (Knize et al., 1987; Ono et al., 1999) . Polluted soil is wind-borne and may be inhaled. Soil pollutants are also absorbed by plants (Nakajima et al., 1994; Suzuki et al., 1992) .
Polycyclic aromatic hydrocarbons (PAHs) are mutagenic and carcinogenic, especially in pollutants (Sawicki et al., 1962) . To investigate air pollution by PAHs in detail, air must be sampled at many sites, but this is usually difficult due to lack of time and equipment. On the other hand, air pollution is reflected indirectly in soil pollution, and a relationship between concentrations of benzo(a)pyrene in soil and air pollution has been reported (Nishimura et al., 1984) . Soil sampling is relatively easy compared to sampling airborne particulates, so environmental pollution in an area has been understood by investigating soil pollution (Arashidani et al., 1992) . Additionally, the effect of road dust originating from vehicular movement on the heavy metal content of roadside soil has been reported (Nasrullah et al., 1995) .
To clarify soil pollution, we examined the mutagenicity of soils at median strips, roadsides and a park neighboring a roadside in Kurume City, Fukuoka Prefecture, Japan, and determined the concentrations of PAHs and heavy metals in these soils.
MATERIALS AND METHODS

Sampling
Soil samples were collected from a depth of 4 cm at 13 sites in Kurume City: 4 sites from median strips and at roadside of Route 210, 2 sites beside Route 322, 2 sites at the intersection of Route 3 and Route 210, 3 sites of the Kurume Hyakunen-kinen Park situated along Route 210, and 2 sites from shrubbery of the General Track and Field Stadium and Gymnasium (Fig.1) . Soil sampling was carried out in January 1998.
The number of cars passing on Route 210 for one day was 48,911 on October 10, 1997.
Sample preparation
Soil samples were prepared for mutagenicity test and for HPLC chemical analysis. Each sample was dried for 2 days at room temperature in the dark. Dried soil was screened through a 60-mesh sieve (250 µm) to remove large gravel and debris, and then 15 g of the sieved soil was sonicated with 200 ml methanol for 10 min and the extract dried by passing it through Na 2 SO 4 . This procedure was repeated twice, with extracts combined. The solvent was removed by an evaporator. Samples were then dissolved in dimethyl sulfoxide (DMSO) and sterilized through a 0.45 µm filter.
Mutagenic assay
Mutagenicity assay was carried out by Ames test (Maron and Ames, 1983) . The test was performed in duplicate with or without S9mix. An S9 fraction of phenobarbital / 5,6-benzoflavone-pretreated male Sprague-Dawley (SD) rat liver was purchased from Oriental Yeast Co. Ltd. (Tokyo, Japan). The S9mix contained 50 µl of S9 in a total volume of 500 µl. Test strains were Salmonella typhimurium TA98, TA100, YG1041, YG1042, YG3003, and YG7108. The TA strains were kindly supplied by Dr. Bruce N. Ames, University of California, Berkeley, and the YG strains by Dr. T. Nohmi of the National Institute of Health Sciences. The TA98 strain is useful for detecting frameshift mutagens and the TA100 strain for detecting base pair substitution mutagens. Both YG1041 and YG1042 strains have been used recently for sensitive detection of the mutagenicity of aromatic nitro compounds and aromatic amines (Hagiwara et al., 1993) . The YG3003 strain is useful for sensitive detection of some oxidative mutagens (Sera et al., 1996) and the YG7108 strain for sensitive detection of mutagenic alkylating agents (Yamada et al., 1995) . Revertant colonies were counted using an automatic colony counter (Colony Analyzer CA-9, Toyo sokki Co. Ltd., Tokyo, Japan). When the dose-response curve showed a 2-fold or greater increase over the spontaneous revertants, the mutagenicity of the sample was judged to be positive. Numbers of revertants per plate of positive controls were 604 (TA98 -S9mix, AF-2: 2-(2-Furyl)-3-(5-nitro-2-furyl)acrylamide 0.1 µg), 837 (TA98 +S9mix, B(a)P: benzo(a)pyrene 2.5 µg), 643 (TA100 -S9mix, AF-2 0.0025 µg), 673 (TA100 +S9mix, B(a)P 1.25 µg), 37 (YG1041 -S9mix, AF-2 0.025 µg), 73 (YG1041 +S9mix, B(a)P 1.0 µg), 588 (YG1042 -S9mix, AF-2 0.1 µg), 205 (YG1042 +S9mix, B(a)P 1.0 µg), 678 (YG3003 -S9mix, 4NQO: 4-Nitroquinoline-1-oxide 1.0 µg), 251 (YG3003 +S9mix, B(a)P 1.0 µg), 683 (YG7108 -S9mix, MNNG: N-methyl-N'-nitro-Nnitrosoguanidine 0.05 µg), and 637 (YG7108 +S9mix, B(a)P 1.0 µg).
Quantification of PAHs
Chemical substances were quantified by HPLC with fluorescence detection by Waters LC-Module 1 (Waters Corporation, Tokyo, Japan), Mightysil ODS column (5 µM particle size, 250 × 4.6mm i.d., Kanto Chemical Co., Inc., Tokyo, Japan), and Waters470 scanning fluorescence detector, with a mobile phase of 90% methanol+10%water, 40°C column temperature, 0.8 ml/min flow rate, injection volume of 20 µl, and wavelength (Ex, Em) for benzo(a)pyrene (370 nm, 420 nm), benzo(a)anthracene (290 nm, 415 nm), pyrene (335 nm, 375 nm), perylene (440 nm, 475 nm), chrysene (305 nm, 380 nm), benzo(k)fluoranthene (365 nm, 410 nm) and benzo(ghi)perylene (365 nm, 410 nm). (These chemicals were of analytical reagent grade from Wako Pure Chemical Industries, Osaka, Japan.)
Quantification of heavy metals
Concentrations of heavy metals in soils were determined by an inductively coupled plasma mass spectrometer (ICP-MS, Perkin Elmer Elan-5000). Each soil sample was dried for 2 days at room temperature in the dark, and the dried soil was then screened through a 60-mesh sieve (250 µm), with 5 g of sieved soil added to 10 ml HNO 3 and 20 ml HCl and condensed on a hotplate at 140°C. The solution was added to 10 ml HNO 3 , heated again and filtered through No. 5B filter paper (Toyo Roshi Co. Ltd., Tokyo, Japan). Concentrations of Cu, Cr, Pb, V, and Zn in the solution were determined by ICP-MS.
RESULTS AND DISCUSSION
Mutagenic activity of soil extracts in strains TA98 and TA100
Mutagenic activity of organic extracts from soils in strains TA98 and TA100 with and without S9mix are shown in Table 1 . All samples showed mutagenic responses toward strains TA98 with and without S9mix. However, mutagenicity in TA100 was weak, regardless of whether S9mix was added or not. All samples showed higher mutagenicity in strain TA98 than in strain TA100. This result indicates that the soil in Kurume City is polluted with the frame-shift type of mutagens rather than the base-substitution types. These results are consistent with a previous observation by Watanabe et al. (1998) . However, because mutagenicities in strain TA100 with and without S9mix were also shown, the soil in Kurume City is polluted with many kinds of mutagens. Extracts from soils 1, 6, and 7 of the median strip and soil 11 of the intersection in particular showed higher mutagenic Table 1 . Mutagenic activity of soil extracts in strains TA98 and TA100.
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No. responses toward strains TA98 and TA100 with S9mix than other samples did. Table 2 shows PAHs concentrations in extracts from soils measured by HPLC fluorescence. Extracts of soils 1, 6, and 7 from the median strip and soils 2, 8, 11 and 12 from roadsides showed higher PAHs concentrations than others and also showed higher mutagenicity. However, PAHs concentrations accounted for less than 12% of the total mutagenicity of soil extracts in strains TA98 and TA100. These low contribution ratios indicate that the soils contain other chemicals.
PAHs concentrations
Heavy metal concentrations
To investigate the effects of automobiles and particulate matter from roads on the soils, we measured heavy metal concentrations (Nasrullah et al., 1995) . Table 3 shows this result. Nasrullah et al. (1995) and Sato and Kanoh (1991) reported that Cu is emitted mainly from engines and tail pipes, Pb and Mn are found in car emissions, Zn is a particulate type of matter from tires, Cr is contained in bodies of cars, V is emitted when oil combusts, and Ca is contained in the particulate matter of roads. Extracts of soils 1, 6, and 7 of the median strip and soils 11 and 12 of the intersection in particular contained higher heavy metal concentrations than other samples. Compared with the results in Table 1 , extracts of soils that showed higher mutagenicity than others also contained higher heavy metal concentrations. This result is similar to the relationship between mutagenic activity and PAHs concentrations of soils. Soil mutagenicity appears to reflect the effect of automobiles. The Mn concentrations of soils were not connected with mutagenicity, but Mn is a component peculiar to soil in Kyushu (Sato and Kanoh, 1991) . Fig. 2 shows a comparison of benzo(a)pyrene (B(a)P) / benzo(ghi)perylene (B(ghi)P) content ratios in soils. Sawicki et al. (1962) reported that a B(a)P / B(ghi)P ratio of 0.6 or less indicates pollution from auto exhaust. As shown in Table 1 and Fig. 2 , soil extracts that showed a higher mutagenicity than others had less than 0.6 ratios. Auto exhaust thus appears to be the main cause of soil mutagenicity.
Comparison of B(a)P / B(ghi)P content ratios
Mutagenic activity of soil extracts in strains YG1041, YG1042, YG3003, and YG7108
The mutagenic activity of organic extracts from soils in strains YG1041, YG1042, YG3003, and YG7108 with and without S9mix are shown in Table 4 . Although the PAHs that we detected accounted for less than 12% of total mutagenicity in strains TA98 and TA100 of soil extracts, mutagenicity assay in these YG Table 2 . Quantitative determination of PAHs in soil extracts.
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Benzo ( strains can sensitively detect aromatic nitro compounds, aromatic hydroxylamines, aromatic amino compounds, some oxidative mutagens, and mutagenic alkylating agents in soil extracts. All samples showed mutagenic responses toward strain YG1041 with and without S9mix, and this was higher in strain YG1041 than in strain YG1042. This result indicates that the soil in Kurume City is polluted with the frame-shift type of mutagens rather than the base pair substitution types, and is consistent with the results in strains TA98 and TA100. The soil extracts showed a 4-90 fold higher mutagenicity in strain YG1041 than in strain TA98, and was 6-77 fold higher in strain YG1042 than in strain TA100. The extracts from soils 1, 6, and 7 of the median strip and soil 11 of the intersection in particular showed higher mutagenic responses toward strains YG1041 and YG1042 than did other samples. Additionally, the extracts of these soils showed 14-90 fold higher mutagenicity in strains YG1041 and YG1042 than in TA98 and TA100. These results indicate that soils 1, 6, 7, and 11 were more polluted with nitroarenes and aromatic amines compared to others. No sample showed mutagenic responses toward strains YG3003 and YG7108 with or without S9mix, indicating that the extracts from soils in Kurume City were not or only weakly polluted by oxygen-activated mutagens and alkylating agents. Fig. 3 shows the density profile of the mutagenicity and concentrations of PAHs and heavy metals of soil extracts from the median strip of Route 210, roadside of Route 210 and park neighboring the roadside of Route 210 (see Fig. 1 and 3 ; Nos. 1, 2, 3 and 4 sampling sites). The mutagenicity and concentrations of PAHs and heavy metals of the soil extracts decreased in the order of median strip, roadside, and park neighboring the roadside. Decrease of mutagenicity and concentrations of PAHs and heavy metals in soils from the median strip to the park was effected by longer distance from the median strip or the capability of plants to reduce air pollution (Suzuki et al., 1992; Nakajima et al., 1994) . 
Density profile of mutagenicity and concentrations of PAHs and heavy metals
